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1 
The invention relates to electric cor/trol cir- 
cuits and has reference in ptrticular to an fin- 
proved sequence control circuit and .timer for 
controliing the supply of cure'ont :[rom a poly- 
phase source to respective circuit means through 
electric discharge devices. 
The Sciaky Patent No. 2,431,083, granted 
November 18, 1947., discloses and claires an elec- 
tric translating system for transferring energy 
îrom a polyphase alternating cur1"ent source fo 
a load Circuit such as a welding circuit and 
wherein any one of three types of power may be 
secured in the welding circuit such as a single 
unidirectional current flnpulse, a series of uni- 
directional current impulses of the saine polarity, 
or a series of current impuises, each impulse 
being opposite in polarity fo the one immedi- 
ately preceding it and so comprising a form of 
single phase alternating current. More par- 
ticularly the three phase-three winding system 
of said patent employs reactance means in .the 
form of primary windings in inductive relation 
wih a secondary ioad circuit and wherein each 
primary winding has individuat circuit connec- 
tions to its respective phase of the polyphase 
source of supply with electric discharge devices 
of the ignitron type being pïovided for controll- 
ing the rectified current supplied to the wind- 
ings respectively. 
A general object of the invention is to provide 
a novel control circuit having improved oper- 
ation for controlling the electric discharge 
vices in a power system as described wherein 
said discharge devices as groups are rendered 
conductive in an alternate mariner to pass cur- 
rent to the primary windings for preset intervals 
with controllable periods of off rime between 
each succeeding energization of the windings. 
Another object of the invention is to provide 
a sequence control circuit of improved construc- 
tion and operation for firing independent groups 
of ignitron tubes by grid control through thyra- 
trons from a common control source. In the 
particular control circuit of the invention all of 
the cathodes of the tubes are connected to a 
common point and each group of grids controll- 
ing ignitron tubes conducting at the same rime 
are also comected to common points respec- 
tiveiy. The circuit operates to apply control 
potentials to the grid points and to the common 
cathode point so that it is relatively easy to tire 
each group of ignitrons alternately and fo regu- 
late the leïgth of each conducting period, it 
being understood that the conducting period for 

OFFICE 

2 
one group of tubes will comprise the non-con- 
ducting period or the o.ther group. 
The invention has for a further object fo 
provide a contrei system which wi!l control the 
:, alternae fiying of respective groups of ignitrons 
by reguiating a control potential applied to a 
common cathode .point and common grid points 
respectively and wherein the system includes in- 
ductive means of special construction for can- 
)i} celling undesired voltages such as will develop 
in the grid-cathode circuits of the ignitrons and 
which would otherwise interfere with the con- 
trol potential. 
For cancelling the undesired voltages as 
]5 above referred to it is necessary in the present 
control system that the ignitrons fro' each wind- 
ing be located and connected approximately 
centrally of its winding so that the voltage con- 
ditions on all the cathodes will be substantially 
20 the saine. If will be observed that this provides 
a symmetrical arrangement since the common 
cathode point A has electrical connection with 
the cathode of each ignitron by means of a sub- 
stantially equivalent circuit. 
25 Another object of the invention resides in the 
provision of an electronic control circuit for the 
purposes described which will incorporate means 
for regulating the start of each firing period 
with respect to the voltages appearing across 
30 the polyphase source of supply wheïeby to con- 
trol the magnitude of the currerit delivered to 
the respective windings for each energizing ira- 
puise. 
A further object is to provide a control cir- 
35 cuit especially designed for controlling the fiing 
of the ignitron tubes in a three phase-three 
winding systen as described and which will 
corporate safety means preventing the firing of 
the non-conducting gr.oup of tubes belote the 
40 current passed by the conducting group bas 
completely disappeared. 
With these and various other objects in view 
the invention may consist o certain novei 
features of construction and operation as will 
45 be more fully described and particularly pointed 
out in the specification drawings and claires 
pended hereto. 
In the drawings which illustrate an embodi- 
ment of the invention and wherein like rference 
50 characters are used to designate like parts-- 
Figure 1 is a diagram illustrating in schemaçic 
form a welding system of the type shown in the 
Sciaky Patent No. 2,431,083 and which is repïe- 
sentative of the systems to which the present 
55 control circuit hàs application; 
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Figure 2 is a wiring diagram of a three phase- 
three winding system such as shown in Figure l 
i!lustrating the electronic elements and circuit 
connections foï controlling the firing of the 
ignitron tubes; 
Figure 3 is a îragmentary wiring diagram 
showing one of the inductive circuits of Figure 
with electric discharge valves and associated 
control elements in connected relation; and 
Figure 4 is a schematic wiring diagram of a 
modified timing circuit of the electronic type 
coming within the invention. 
R.efeïring more particulaïly fo Figures ! and 2, 
the invention is illustrated as applied fo a power 
system such as shown in the Sciaky Patent No. 
2,431,083 previously mentioned and which may 
be described as a polyphase fo single phase 
system. A characteristic of such a system resides 
in the use of an inductive device such as a trans- 
former having a plurality of primary windings 
and a secondaïy winding, lioEore particularly, as 
regards the system disclosed, the inductive device 
bas three primaïy windings and which aïe indi- 
vidually connected fo a phase of the three-phase 
source of supp]y. As shown in Figure 1 the leads 
LI, L and L repïesent the conductors of the 
three-phase alternating current supply line and 
if will be seen that the transformer generally 
indicated by numeral  9 is provided with primary 
windings , 2 and 3, winding  having con- 
nection to conductors LI--L2, winding 2 havin 
connection fo conductors L2--L3, and winding 
having connection fo conductors L--LI. Each 
primary windin may compïise a number of 
windings connected in series and for illustrative 
purposes three such windings bave been shown 
although if is understood that a laïger number 
"_.ïay be emp]oyed. For example, with respect fo 
pïimary winding I the saine consists of wind- 
ngs , 5 and  connected in series relation. 
The intermediate winding  is divided and con- 
trol means including electric discharge valves 
and their firin valves are electrically connected 
fo the terminals of said intermediate winding. 
The construction of primary windin  2 is simi]ar, 
the same including windings , 8 and 9, with 
control means being connected in series relation 
and interposed between the divided intermediate 
winding . Primary winding  is constïucted 
simi]arly, includin windings ],  and , with 
the control means for the same being interposed 
between the divided intermediate winding 
The secondary or load circuit of the transformer 
I is indicated by numeral , it being under- 
stood that the load circuit bas indIctive relation 
with the primary windins  ,  and . 
ïn opeïation of the system as described, the 
control means for the various windings perîorm 
a contro]ling ïunction so that a positive or nega- 
rive half cycle of alternating current is supplied 
to the windings in sequence according to the 
phase relation of the electromotive forces in the 
three-phase supply line. For example, the dis- 
charge valves controlling the fiow of current in 
primary winding  are rendered conductive so 
that a half cycle of current from the phase 
L--! is supplied to said winding. Belote the 
magnetizin effect oï the flow of this current 
thïough the winding dies out the phase relation 
of the e!eetromotive forces in the three-phase 
supply line is such that a half cycle of current 
from phase I_2--L is supplied to winding 2, the 
electric discharge valves controlling this wind- 
ing having been rendered conductive simultane- 
o,, -" ,vith those for winding . Likewise the 

4 
discharge valves for winding $ are simultane- 
ous]y rendered conductive and a half cycle of 
current is next caused to flow through this wind- 
ing according fo the phase relation of the electro- 
5 motive forces in the supp]y line. Operation may 
be continued se that the magnetizing current 
impulses will fiow in the saine direction through 
the primary windings until the rise in the 
magnetic flux reaches a predetermined maxi- 
I0 mum, ai which rime the discharge valves are 
simultaneously rendered non-conductive. The 
rise in the magnetic flux has the effect of induc- 
ing a unidirectional current in the secondary 
circuit . In order for the majnetic flux fo 
15 fise in a steady manner, current fiow through 
the windings must be controlled by electric dis- 
charge valves which rectify the currents of the 
respective phases so that they have a unidirec- 
tional flow. Thus each magnetizing current 
20 puise will fiow through its primary winding in 
a direction to augment the magnetic flux and 
one impulse of unidirectional current is induced 
in the secondary circuit , the same comprising 
the combined output of the phases of the poly- 
25 phase supply for that particular enerization. 
The sequence control and rimer circuit of 
the invention is designed fo reu]ate the firin 
of the various discharge valves and to maintain 
them conductive for the desired magnetizing peri- 
30 od. It is required that such a control circuit ren- 
tiers sets or groups of discharge valves alternative- 
]y conductive so that the direction of fiow of the 
magnetizing current impulses through the wind- 
ings can be periodically reversed to generate a 
35 low frequency alternating current in the second- 
ary load circuit. This is accomp]ished by the 
control circuit of the invention through the 
provision of common cathode and grid points, 
respectively, having connection with the grid- 
40 cathode circuits of the firin valves and which 
are provided to control the conductivity of the 
ignitrons constituting the electric discharge 
valves previously referred to. By applying con- 
trol potentials to the cathode and grid points it 
4 is possible to tender the sers of ignitrons conduc- 
tive in an alternate manner and to conveniently 
regulate the length of the conducting period and 
the lenth of the offtime between said periods. 
One modification of the sequence control circuit 
50 and rimer coming within the invention is shown 
schematically in Figure 2 which will now be de- 
scribed. 
The lead L1 of the three-phase power suppty 
is connected to the terminal , whereas lead L 
55 is connected to terminal  and I_c to terminal 
. The primary winding   consisting of wind- 
ings ,  and  is connected between termi- 
nals  and . The primary winding  includ- 
ing windings ,  and  is connected between 
60 terminals  and  and the winding  includ- 
ing windings ,  and 2 is connected between 
terminals  and , the resulting circuit for the 
windins being known as a delta connection. 
ïhe electric means controlling the fiow of cur- 
65 rent through winding  essentially consists of 
a pair of ignitron tubes  and $ cmmected in 
anti-parallel relation, each tube includin2- an 
anode, a mercury cathode and a control elec- 
trode, the control electrode for tube 3D being 
70 dicated by numeral  and the control e]ectrode 
for tube $ being indicated by . Each ignitron 
tube bas electrical connection with a firing valve 
which may comprise a thyratron $ for ignitron 
tube 9 and a thyratron  for ignitron tube 
75 As best shown in Figure 3 the phase shift cir- 
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cuit ïor thyratron 34 consists of a variable re- 
sistor  and a, condenser 37. The voltage aP- 
pearing across condenser 37 is applied between 
the cathode 33 and grid 4{} of the thyratron 34. 
The voltage across said condenser 37 can be made 
to lead the voltage appearing across the plate- 
cathode of 24 by a number of degrees, dependent 
upon the adjustment of the variable resistor 
When the value of this resistor is zero the volt- 
age between cathode 8 and grid 4} is in phase 
with the voltage between the cathode and plate 
of said tube and full firing is realized from the 
moment 34 is rendered conductive by the appli- 
cation of the proper control voltage fo the con- 
trol grid . As resistor 3 is adjusted to in- 15 
crease the resistance, the angle of lead between 
the voltage applied to the grid 4{} a-nd the voltage 
apptied to the plante is increased so that firing is 
delayed for a portion of the half cycle repre- 
sented by the angle between he voltages ap- 20 
ptied to the grid and plate. A phase shifting cir 
cuit sucl] as described is electrically connected 
fo each thyratïon and it will be understood that 
each such circuit additionally includes a resist- 
ance , for limiting the ignitor current flowing 25 
through the thyratron and a fuse  for protect- 
in ifs i2"nitïon tube against excessive dangerous 
currents which rnay result in the event of a hard 
starting ignitron. The .limit resistor  is in 
series with the control grid 4, whereas 4 is a 30 
limit ïesistor in series with grid 40, and 8 and 
 are condensers connected between their 
respective grids aud the cathode 35 for prevent- 
ing sporadic firing of 4 due to transients on the 
line. 35 
Controi etements similar to that described 
above are also provided ïor primary winding 
and likewise for primary winding . With 
respect fo the control means for winding  it 
wil! be seen that the same is interposed in the 40 
intermediate winding $ and consists of a pair of 
ignitïon tubes ] and . connected in anti-par- 
allel relation, each tube including an anode, a 
mercury cathode and a control e!ectrode, the 
saine bein indicated by numeral  for ignitron 
5ï} and by numeral 3 for ignitron . Each 
ignitron tube bas electrical connection with a tir- 
ing valve comprising thyratrons 5 and . The 
circuit connecting the thyratrons fo the ignitron 
tubes is the saine as previously described and the 50 
thyratrons have control grids 63 and 63, respec- 
tively. 'he phase shift circuit for the thyra- 
trons is identical fo that as described with 
respect to primary winding ]] and repetition is 
not necessary. 55 
For the primary winding ]3 the ignitron tubes 
] and I are connected in anti-parallel relation 
between the intermediate winding 3 ] thereof and 
said ignitrons each bave an anode, a mercury 
cathode, and a control electrode, the latter being 60 
designated by numerals 73 and 73, respectively. 
Thyratrons . and 75 constitute the firing tubes 
for controlling the conductivity of the ignitrons 
and said thyratrons bave control grids $3 and 83, 
respectively. The circuit for the discharge 65 
valves and tle firing valves for said winding 
is identical with that described for the other 
windings, all of which is clearly evident from the 
disclosure of Figure 2. 
From the foregoing description if will be seen 
that the control circuit of the invention provides 
two groups of ignitron tubes with independent 
firing circuits for each group. Since each.pair of 
ignitrons is connected in back fo back relation 
if wfll be seen that ignitrons 3, } and 7, consti- 

tute one group and that gnitrons ,'ll, "Sll and 1 
constitute the second group. When initrons of 
the lïrst group, namel, 3, -and 7, are con- 
ductive, magnetiing current i.mpulses will flow 
5 through the primary windings in an upward di- 
rection, considering the windings as lllustrated in 
Figure 1, and when the second group of ignitrons, 
namely, ,  and 7, are rendered conductive 
the magnetizing current impulses will flow 
!0 through said windings in a downward direction. 
The thyratrons 34, 4 and 74 will control the 
flring of the flrst group of ignitrons and will 
maintain them conductive for a predetermined 
period of Mme, depending on the control of the 
thyratrons. In a similar manner thyratrons 3, 
 and 7 will control the secondgroup.of ignitron 
tubes and will maintain them conductive for a 
predetermined period of rime, depending on the 
control of the thyratrons. In accordance with 
the invention the grid-cathode circuits of the 
flring valves are connected in parallel relation 
and in a manner to provide a common cathode 
point designated A, Figure 2, a common grid 
point designated B for the flrst group of thyra- 
trons, and a common grid point designated C for 
the second group of thyratrons. In operation of 
the present control circuit and with all the tubes 
in the quiescent state common grid points B and 
C are held highly negative with respect fo the 
common cathode point A, thus maintaining the 
ignitron tubes in a non-conducting state. When 
if is desired fo tender the first group of ignitron 
tubes conductive point B is ruade slightly positive 
with respect fo point A and point C is maintained 
negative as before. Ignitron tubes 3}, {} and 7 
are accordingly fired and maintained conductivò 
for a period of rime which is preset by the tim- 
ing control tobe presently described. At the end 
of this rime point B is ruade negative with respect 
to point A as before and point C is made slightly 
positive. The ignitron tubes 3,  and 7 are 
now fired and they remain conductive for a pre- 
set period depending upon the adjustment of the 
timing control. The connections between points 
A, ] and C and the various firing valves will now 
be described. 
In order fo provide a common cathode point a 
plurality of conductors are provided connecting 
with point A. The conductor {l, connects the ter« 
minal point 2 with A and includes the primary 
winding 3 of a transformer 93. Conductor 94 
joins terminal point  with A and includes the 
primary winding  of the transformer 9. Con- 
ductor 97 connects terminal point 37 with A and 
includs the primary winding 95 of transformer 
9. The connections of the conductors with the 
leads L, L and I. serres fo connect point A with 
the cathodes of all the valves. Itis necessary 
that high impedance means be included in each 
conductor otherwise the windings , 2 and t3 
would be short circuited. This accounts for the 
windings 93, 9 and . An alternating current 
voltage appears across each winding ai all Mmes. 
Itis necessary fo cancel out these voltages if the 
desired control voltages are fo be impressed be- 
tween the grid and cathode terminals of the tir- 
ing valves. 
The voltages developed across the primaries of 
the transformers 93,  and 99 are cancelled by 
70 providing said transformers with secondary wind 
ings connected fo a control grid of a flring valve 
of each group. The control grid 43 of valve $4 is 
connected by conductor {}} with the secondary 
winding  }  and which is thus.connected to point 
75 B. The control grid 2 is also connected fo pint 
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B by conductor I02 which includes in ifs circuit 
the secondary winding I03. Also control grid 82 is 
connected by conductor 04 fo point B with the 
secondary winding 105 being provided. The con- 
nections for the common grid point C include a 
conductor JS joining the control grid 41 with 
the secondary winding ,I and then fo point C. 
Conductor  S includes the secondary winding  09 
and joins the control grid 0S with point C. Like- 
wise conductor I  0 includes the secondary wind- 
ing    and joins the control grid 01 with point C. 
The transïormers S, 90 and 99 are thereïore 
each provided with two secondaries having con- 
nection with certain control grids and with the 
common grid points B and C, respectively. The 
transïormers are especially constructed ïor the 
purpose and are on the order oï low ïrequency 
tïansïormers having a large number oï turns and 
with a one fo one ratio existing between the turns 
oï the primary winding and each secondary wind- 
ing. For example, the primary 92 has the saine 
number of turns as the secondary  and so on. 
The effect is fo cancel the voltages existing across 
the p'imaries by an equal and opposite voltage 
induced across the secondaries. The firing valves 
will thus have impressed between the grid and 
cathode terminals thereo whatever control volt- 
ages are applied fo the points A and B and A 
and C. 
During the conductin periods for the groups 
of initron tubes another condition exists in the 
pïimaïy windins  ,  2 and S, naine!y, a direct 
curïent voltage appears across each winding. 
This will be understood by observing Figure 2 
which cle2r!y shows each primary winding con- 
nected in serie relation with the cathode cir- 
cuit of its respective valves. For reasons above 
explained if is necessary fo cancel this direct 
curre_t voltag-e developed across each primary 
windin due fo fiow of cum.ent in the saine, and 
according fo the invention this is done by means 
of a transformer  having a primary winding 
and two secondary windins. The conductor ;  
connects the primaïy winding  across the 
windings 15 and 6, as shown in Figure 2, of the 
primary windin  ;. Tle conductor   connects 
one secondary winding   0 with the voltage source 
and with the grid point ]3. The other conductor 
  connects the secondary windin  18 with the 
volta:e source and with the grid point C. The 
voltage deve!oped acïoss the secondaries is equal 
and opposite fo the direct current voltage across 
each hall section of a primary windin$, such as 
windins !5 and -6, for example, and which is 
in series relation with the grid-cathode circuit of 
its respective control valves. Transformer  I is 
of the special type as described with a one to 
one ratio between pïimary and secondary wind- 
ings. çVithout if the fol!owing action would re- 
suit. One group of tubes may be ruade conduc- 
tire and the saine would pass current through its 
païticular winding. As fiow of current continued 
the voltage developed in the particular winding oï 
transformer 1O and connected fo the cathode of 
each tube would bring the grids negative with 
ïespect fo the cathode and this would tender the 
tubes non-conducting. The secondary windings 
 ;8 and  8 are introduced in the respective grid 
ciïeuits and,. in this way they cancel the undesired 
voltages anà the thyratron tubes are completely 
.responsive to the control voltages applied to 
points ]3 and C. 
in the prescrit system ïor alternatety fzring the 
respective groups of ignitrons it will be observed 
that the primary windings  , I ,and I1 of the 
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welding transformer 19 are delta connected and 
that the conductors 9, 94 and 91 are star con- 
nected so as fo provide the common cathode point 
A. A feature of the invention resides in the syrn- 
 metrical electrical hook-up of the ignitrons and 
wherein each pair in back fo back relation has 
connecion with ifs respective primary winding 
approximately centrally of the winding. Accord- 
ingly, the volta2e condition from the line to each 
I0 cathode is substantia!ly the same and the com- 
mon cathode point A has electrical connection 
with the cathode of each initron by means of an 
equivatent circuit. 
A system ïor introducing control voltages to 
t5 points A, B and C is shown in connection with Fig- 
ure 2. Numeral 20 indicates a source oï direct 
current such as a battery, the positive and nega- 
tire terminals of which are connected by the re- 
sistance 121. ïhe finger 22 of the voltage divider 
o0 is connected by the conductor 121 to point A and 
this point fs ma.ntained positive by locating the 
finger 122 towaïd the positive end of the battery. 
Slide wire resistors 2', 125 and 26 are provided 
as shown, each having connection across the bat- 
25 tery 120. Contacors 21, 20 and 29 may be op- 
erated by some means of timing. With alI con- 
tactors open the vcltage of points B and C with 
'espect fo A is hig-hly ne2-at.ive, thus maintaining 
the grids of all tubes in a hold-off condition. If 
30 the roup of ignitrons 10, 5 and I are to be 
rendered conductive, the contactors [I and [9 
are closed for the duration of the on-rime period, 
aïter which [2ï and [29 are opened, bringing all 
the ignitrons fo a non-conductive condition 
35 again. The contactors [0 and [29 are then 
closed so that the ignitrons $ [,   and I [ are ruade 
conductive and the contactors are held closed 
ïor the ot-time period. Alternate firing of the 
tubes can be acomplished by relays, step by step 
40 switches, or by fully electronic controls with no 
moving parts. A preferred system of ïully elec- 
tronic elements is shown in Figure 4 which will 
now be described. 
The transformer , l'igure 4, fs electrically 
45 connected on is input side to a source of alternat- 
ing current indicated by teads , and I__. On its 
outputside the transformer 10 connects with a 
îull wave rectifier lai which supplies direct cur- 
rent through the leads l and Il to the voltage 
o divider indicatd by numeral 14, the saine beina 
connected by the conductor IlS to the common 
cathode point A and which connection can be ad- 
justed in ordeï that the potentiaI applied t point 
A can be ruade sufïmiently positive to secure the 
 desired mode of operation. A battery l or 
other suitab!e source of direct current is connect- 
ed across the resistance Il1, provided with a piu- 
ra.lity of adjustable taps, and across the resistance 
18 in series therewith. The initiating contact 
o 19 is located in series with the battery 6. The 
negative end of the battery is connecteà fo the 
grid 4 of the gas fiiled, grid controtled tube 14 
and accordin-ly the said tube is maintained in a 
non-conductive state when the contact Il9 is 
5 closed. In the gïid cathode circuit of the tube 
41 theïe is also applied peak voltages from the 
secondary of the peakin transformer 4 con- 
nected by conductors 41 fo a source of alternat- 
ing current indicated by leads L and L. A phase 
70 shiïting circuit including the potentiometer 144 
and the condenser 145 is connected with one of 
said conductors. 
In operation of the circuit if will be seen that 
current will fiow from the positive end of resist- 
75 ance 14 through the vacuum tube 45 having 
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the control grid 147, through the resistance 
in the cathode circuit of said tube and then 
through either the gas fllled, grid controlled tube 
1§0 or I§1, depending on which tube is conducting 
since only one tube cEn conduct at the saine 
rime. Assuming that the tube 1§0 bas been con- 
ducting and the initiating contact 139 is opened, 
the condenser t 52, which was charged fo the volt- 
age appearing across the battery 136, starts fo 
discharge through the resistances 137 and 133. 10 
One of the positive peaks generated by peaking 
transformer 142 will presently bring the grid of 
tube 141 sufliciently positive so that the tube wfll 
become conductive. Current will now take a nec- 
ond path from the cathode of tube 146, namely, 15 
through the plate to cathode of tube 141, through 
resistance 153, through 1§0, plate to cathode of 
the saine, through resistance 1§4, through resist- 
ance I, fo the negative end of the resistance 
by means of conductor 156. 20 
A third path for current flow from the cath- 
ode of tube 14 will be through tube 141, plate fo 
cathode, through the parallel circuit including 
the resistances 137, 3 and the condenser 
through the vacuum tube 17, plate to cathode, 25 
through the resistance 1511, tube I0, resistances 
154 and 15, fo the negative end of resistance 
by means of conductor 15. A fourth path for 
said current flow will be from the cathode of 
tube 14 through a portion of the resistance 
fo the slider I connecting therewith, through 
the condenser I1, through adjustable resistances 
12 and I, through tube I0, resistances $4 and 
15 fo conductor I, and returning fo the nega- 
tire end of 
The additional current flowing through 
increases the voltage drop across this resistance 
and makes the grid point B connecting therewith 
more positive than it was in the quiescent state. 
During passage of this current point B is brought 
to the saine potential as point A, whereas point 
C remains substantially af the saine negative 
tentiE! with respect fo point A as if was during 
the quiescent state. As the condenser I1 charges 
by current flowing through the resistances 
and I . the voltage across this condenser rises 
ponentially, af the saine rime the vo]tage across 
the resistances 12 and 165 is dropping exponen 
tially. 
In examining the grid-cathode circuit of the 
gas fllled grid controlled tube 14 we find the 
cathode circuit includes the primary winding of 
a transformer 165 and a resistance I in series 
with resistances 2 and 3. A peaking trans- 
former I S is also electrically connected with th 
control grid  of said tube 14, the peaking 
transformer having electricE1 cormection with the 
]eads L and Le of a source of a]ternating current. 
The potentiometer 0 and the condenser  
represent a phase shift circuit in series relation 
with the power input circuit of the peaking trans- 
former 16. The voltages of the grid-cathode of 
tube 14 are therefore the vo]tages across 12 and 
$, the negative end of which is connected fo 
the grid IIt, and the peaked voltage across resist- 
ance 12. As the condenser I I charges, the volt- 
age from plate fo cathode rises and at the saine 
rime the voltage between cathode and grid is be- 
coming ]ess negativeÇ A point is finally reached 
af which one of the peak vo]tages will cause the 
tube 14 fo conduct. The tube wil] dischErge the 
condenser 161 through resistance I and the 
primary of transformer I. This discharge cur- 
rent generates a puise vo]tage in the secondary 
of transformer I located in the grid-cathode 
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circuit of tube 146. The grid 147 of this tube is 
driven highly negEtive, thus stopping the flow of 
current through the tube and through the test 
of the circuit momentarily. 
When the pulse, which is a few micro seconds 
fil duration is over, tube 45 becomes conductive 
again and current flows through 4, through 
tube 151, through resistances 173 and 15 to the 
negative side of 134. The switch from tube I 
fo 151 is effected in this nanner. While tube 
I) is conducting the condenser 14 is charged 
fo the voltage drop across 14 with polarities as 
indicated, the positive end to the cathode of tube 
I) and the negative end fo the cathode of tube 
151. The voltage drop across 155 maintains the 
grid of tube I1 negative with respect to ifs cath- 
ode. At the instance the negative pulse is re- 
ceiied by the grid of tube 146 and current ceases 
fo flow, the condenser 174 starts to discharge 
through variable resistors 14 and 173 with in- 
stantaneous polarities as indicated. The termi- 
nal of 4 connected fo the cathode of 1Se is 
Positive. The end connected fo the grid of I 
is negitive. Therefore the voltage between cath- 
ode and grid is the sure of the voltage across  
and I with the negative connected fo the grid. 
This prevents tube I0 from conducting. 
The voltages in the grid-cathode circuit oï tube 
I1 are as follows: From the cathode of tube 
3o I1 to the negative end of the voltage drop across 
17, the positive end of 17 being connected to 
the posRive end of 155 with the negative end 
being connected fo the grid of tube 151. Since 
the voltage drop across I is greEter than that 
35 across  the net voltage between grid and 
cathode of tube 151 wilI be the difference between 
these two voltages, with the grid now being posi- 
tive with respect to the cathode. When tube 14 
becomes co.uductive again after the pu]se is 
4O passed, the tube 151 conducts the current and 
tube I'fl is maintained non-conducting. 
After condenser 161 has dischErged through 
tube I, the tube 141 is held non-conductive 
by virtue of the charge on condenser 12 which 
,45 holds the grid of tube 141 negative with respect 
fo ifs cathode. The condenser 12 is dischErged 
Et an exponentiE1 rate by resistances I and 
1311 in series. As the voltage across 12 drops off, 
a point will finElly be reEched Et which one of 
5o the peaks from peaking transformer 142 will 
make tube I1 conductive and if will cause cur- 
rent fo fiow along the paths previous]y described. 
During the rime condenser 161 is chErging, the 
potential difference between points A and C will 
55 be zero but the potential between points A and 
B wfl] remain substantiElly the saine as îor the 
off-rime period, thus keeping the flring valves 
which are controlled by the grids fo which point 
B i conectcd in the non-conducting sta-e, 
60 whereas those valves whose grids are connected 
fo point C are marie conductive. After the on- 
rime period which is relulEted by adjustment of 
12 and IG, the condenser I1 discharges and 
point C is again brouiht fo a high negative po- 
(;5 tential with respect fo point A, thus rnaking both 
groups of firing valves non-conductive. This 
condition remains untiI condenser 15 discharges 
through I, the off-rime adjustment potenti- 
ometer. 
70 he position of the peaked secondary voltage 
across the winding of transformer 12 may be 
shifted with respect fo the line voltage wave by 
adjustment of 144 in the phase shifting network 
connected fo this transformer. This provides 
75 adjustment of the point af which the flring starts. 
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The position of the peak in the secondary of control potential fo said points whereby to con- 
transformer  8 may be adjusted by varying   0 trol the conductivity of the flring valves and thus 
in the phase shifting netwoïk connected to this the conductivity of the electric discharge valves. 
transformer. Both peaks may be shifted inde- 2. In a control circuit, the combination with 
pendently or may be adjusted from one phase 5 a source of polyphase alternating current, of an 
shift network simuitaneously, inductive device having primary windings corre- 

In order fo prevent the re-ignition of tube 
before the current through the windings of trans- 
former  0 bas entirely disappeared, the invention 
provides a protective circuit, shown in Figure 4, 
in electrical connection with the timing circuit 
of said figure. The conductors 6 and  are 
connected across a part of a primary windini of 
the welding transformer 0 such as the coils 
and 8. While current is flowing through these 
coils, the voltage across the same is rectifled by 
tubes I]8 and I]9 producing a voltage drop across 
resistance 180 which will have the polarity as 
indicated. The negative end of this resistor is 
connected fo the grid of tube 4 and thus the 20 
peak voltages from the transformer f2 are pre- 
vented from firing tube I I until the voltage dis- 
appears entirely across the resistance f S. As 
soon as this voltage disappears, the next positive 
puise of the peaking transformer I  will tire the 25 
tube I, provided the condenser 152 has suffi- 
ciently discharged fo allow the circuit fo function 
in the manner previously described. 
As a summary of the present timing circuit if 
can be pointed out that operation is initiated by 
opening the contact 139. Current flows through 
the single path including the resistance f48 and 
will continue fo flow only through this one path 
until condenser 1'52 discharges sufficiently fo 
cause tube Il to tire. Current then flows 35 
through a plurality of paths and the flring of 
   starts the on-rime period. During this period 
both condensers 52 and f6f are charged, the 
charglng of 52 taking place rapidly and the 
charging of 161 depending on the adjustment of 40 
162 and 13. When Il discharges by the flring 
of tube   it ends the on-rime period. With the 
end of the period current flow is stopped which 
results in switching from tube f S fo f Sf or vice 
versa. The off-rime period then begins and cur- 
rent fiows through the single path again, the 
period being determined by the discharging of 
condenser 152. By adjusting the taps on resist- 
ance I ] this off-rime period can be varied. 
If is fo be understood that many other uses 
and applications of the invention will be appar- 
ent fo those skilled in the art and if is hot desired 
that this invention be limited fo the details de- 
scribed for ifs scope includes all such forms or 
improvements as corne within the spirit of the 
following claims construed as broadly as the prior 
art will permit. 
What is claimed is: 
1. In a .control circuit, the combination with 
a source of polyphase alternating current, of an 
inductive device having primary windings corre- 
sponding in number fo the phases of the alter- 
nating current source, circuit means ccnnecting 
each winding fo ifs respective phase of said 
source, at least one electric discharge valve for 
each winding in series circuit relation for con- 
trolling the flow of current through the winding, 
a flring valve for each electric discharge valve 
for rendering ifs discharge valve conductive when 
the firing valve is conductive, each flring valve 
having an anode, a cathode and a control grid, 
means electrically connecting the grid-cathode 
circuits of the firing valves in parallel relation and 

sponding in number fo the phases of the alter- 
nating cLu'rent source, circuit means connecting 
each winding to its respective phase of said 
source, at least one electric discharge valve for 
each winding in series circuit relation therewith 
for controlling the flow of current through the 
winding, a firing valve for each e]ectric discharge 
valve for rendering ifs discharge valve conductive 
when the firing valve is conductive, each firinoj 
valve having an anode, a cathode and a control 
grid, means connecting the grid-cathode circuits 
of the firin valves in parallel relation and in a 
manner to provide common grid and cathode 
points, respectively, means for applying a control 
potential fo said points whereby to control the 
conductivity of the flring valves and thus the 
conductivity of the electric discharge valves, and 
inductive means in each grid-cathode circuit for 
cancelling the effect of any voltage generated in 
the circuit such as would interfere with the ap- 
plication of the control potential to the grid and 
cathode terminals of the flring valves. 
3. In a control circuit, the combination with 
30 a source of polyphase alternating current, of an 
inductive device having primary windings corre- 
sponding in number fo the phases of the alternat- 
ing cum'ent source, circuit means connecting each 
winding fo ifs respective phase of said source, af 
least one electric discharge valve interposed in 
each windin in series circuit relation therewith 
for controlling the flow of cum'ent through the 
winding, a firing valve for each electric discharge 
valve for rendering its discharge valve conductive 
when the firing valve is conductive, each flring 
valve having an anode, a cathode and a control 
grid, circuit control means providing a common 
rid point in electrical connection with the con- 
trol grid of each flring valve, said means addition- 
ally providing a common cathode point in elec- 
trical connection with the cathode of each tir- 
ing valve, means for applying a control potential 
between said grid and cathode points, and induc- 
tive means in each grid-cathode circuit for can- 
celling the effect of any voltage generated in the 
circuit such as would interfere with the applica- 
tion of the control potential fo the grid and cath- 
ode terminals of the firing valves. 
4. In a control circuit, the combination with a 
source of polyphase alternating current, of a sin- 
gle inductive device having primary windings cor- 
responding in number to the phases of the alteï- 
nating current source, circuit means connecting 
each winding across its respective phase of said 
source, a pair of electric discharge valves con- 
nected in back fo back relation and connected in 
each winding in series circuit relation therewith 
for contro]ling flow of current through the wind- 
ing, whereby the electric discharge valves com- 
prise two groups according to direction of current 
flow with each group having a valve in each wind- 
ing, a flring valve for each electric discharge 
valve in associated circuit relation therewith for 
rendering its discharge valve conductive when 
70 the firing valve is conductive, each firing valve 
having an anode, a cathode and a control grid, 
control circuit means connecting the grid-cath- 
ode circuits of each group of firing valves in par- 

in a manner fo provide common grid and cathode allel relation and in a manner fo provide a com- 
points respectively, and means for applying a 7 mon grid point for each group and a cathode 
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point common te both groups, means for applying 
control potentials between said cathode pot and 
the grid peints respectively, and inductive means 
in each grid-cathode circuit for cancelling the êf- 
fect of an; voltage gener,ed in the circuit such 
as wouid interfere with the application of the 
contïol potentials te the grid and cathode ter- 
n]inals of the fiïing valvcs. 
5. In a control circuit, the cornbination with a 
source of pelyphase alternatin cuïrent, of an 
inductive device having pïimary windins cerre- 
sponding in number te the phases of the alter- 
natin outrent source, circuit means conecting 
each winding across ifs respective phase of said 
source, a pair of eÏectric dischargê va!vos con- 
nected in back te back relation and inteïposed 
in each windin in ser]es circuit rlation there- 
with for controltiug fiow of outrent through the 
winding, whereby the e]ectrc discharge va!ve 
con]prise twe groups accordin te direction of 
outrent flow with ca.ch 2roup having a valve in 
each windng, a firinf valve for each electric dis- 
charge valve in associatd circuit relation there- 
with for renderi»j its discharg valve conductive 
when the firing valve is co.aductivc, each firing 
valve having an anode, a cathode and a contreI 
rid, contreI circuit möans pïeviding two coin- 
mon grid points electriclly connectsd te the 
grids of their respective group of firin2 w.ives, a 
common cathode point a!so provided by said con- 
trol circuit rneans and eiectrica!ly co-]nected te 
the cathodes of both greups of firing valves, 
mes.ns for applyn control potentia!s between 
said cmnmon cathode point and said ïid poinfs 
respectively, and inductive raêans in each rid- 
cathode circuit fer cance!ling the e-,ffect of 
voltage generated in the circuit such as wou]d 
interfere with the application of the control Po- 
tentia!s te the rid and cathode terre]nais of the 
firing va!vos, the said means for applying the 
control potentials operating te apply te each 
group of firing valves first a blocking pot, ont]al 
te maintain the firing valve non-conductive and 
thon an eneïgizing potentia!, whereby the firin 
valves and thus the electric dischare va!vos can 
be rendered alternate!y con@,uctive s.s reCards 
groups. 
6. In a control circuit, the cornbination with 
a source of polyphase a!ternating curïent, of an 
inductive device havin2 irimary wind.ings cor- 
responding in number te the phases of the aiter- 
natin current source, circuit ïneans connecting 
each winding across ifs respective phase of said 
source, a pair of e!ectric dischare valves con- 
nected in back te back relation and interposed 
in each winding in ser]es circuit ïelation there- 
with for controlling flow of current thïouh the 
winding, whereby the electric discharge valves 
comprise two groups according te the direction 
of current flow with each group havin2" a valve in 
each winding, a flring valve for each electric dis- 
charge valve for rendering ifs discharge valve 
conductive when the firin valve is conductive, 
each flring valve having an anode, a cathode and 
a control grid, circuit control means p,roviding 
two grid points, conductors connecting the grids 
of one group of firing valves te one of said grid 
points, other conductors connectin¢ the grids of 
the other group of firing valves te the second 
grid point, a common cathode point also provided 
by the circuit control means, the cathode circuits 
of the flring valves each including part of 
respective l»rimary winding in addition te a con- 
ductor electrically connecting with the cathode 
point, and means inductively connecting each 
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cathode circuit with the grid circuit of a firing 
valve for each group whereby te cancel the effect 
of undesired voltages generated in the cathode 
circuits. 
5 7. A control circuit of the chaïacter as defined 
by claire 6, additionally inctuding means for ap- 
plying control potentials between said common 
cathode point and the grid points respectively, te 
independently control the conductivity of each 
10 group of firin2" valves, said control potential 
plying means including conductors connecting 
with the grid points respectively, and inductive 
means in each conductor having inductive rela- 
tion with che of the primary windings for can- 
15 celling the effect of any direct current voltage 
developed across the windings as a result of cur- 
ren flow in the windings and wh]ch would cther- 
wise interfere with said control potentials. 
8. In a control circuit, the combination with a 
20 ource of polyphase alternat]ha curïent, of a 
transformer having a secondaïy load circuit and 
having individual primary windings correspond- 
ing in number te the phases of the alternating 
outrent source, circuit means electrically con- 
,5 nectina each winding across the respective phase 
of the alternati]g current source, a pair of elec- 
tric discharge valves in back te back relation 
interposed in each winding and having a ser]es 
circuit relation therewith, che valve of each l»air 
,:0 controlling the flow of ourlent through the wind- 
ing in che direction and the other valve of each 
pair controlling the flow of curïent thïough the 
winding in an opposite direction, wheïeby the 
electric discharge valves comprise two groups 
3 
with each group having a vaÏve in each winding, 
electronic timing mechanism alternately render- 
ing each group of valves conductive as a unit, and 
adjustable means included in said timing mecha- 
4o nism for timing the conductive periods and for 
also timing the interval between conductive 
periods independently thereof. 
9. In a control circuit, the combination with 
source of polyphase a!ternating current, of a 
transformer having a secondary load circuit and 
45 havin individual primary windings coïrespond- 
ing in number te the phases of the aiternating 
current source, circuit means electrica!ly con- 
necting each windin across the ïespective phae 
of the alternating current source, a pair of elec- 
tric dischrge valves in b,ck te back ïelation for 
each winding and havin a ser]es circuit relation 
therewith, one valve of each pair controllin the 
fiow of current through the winding in che di- 
55 rection and the other wlve oï each petit control 
ling the flow of current throu2h the windin2  in 
an opposite direction, whereby the e!ectric dis 
charge valves comprise two groups with each 
roup having a valve in each windin, a iïrin 
60 valve for eaeh electric discharie valve for con- 
trolling the condnctivity of the dischare valve, 
each flring valve having an anode, a cathode and 
a control grid, control circuit means electrically 
connecting the grids of each group of firing valves 
65 in parallel relation and in a manner te provide 
a con]mon grid point foï each group, said control 
circuit means providing a common cathode point 
having electrical connection te the cathodes of 
all the firing valves, electronic timing mechanism 
9 rendering each group of valves conductive in an 
alteïnate manner by applying blocking and 
ergizing potentials alternately between the cath- 
ode point and each grid point respectively, and 
means inductively connecting each cathode cir- 
 cuit with the grid circuit of a valve for each 
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group whereby to cancel the effect of undesired 
voltages generated in the cathode circuits. 
10. In an electrical system for resistance weld- 
ing, the combination with a source of polyphase 
alternating current, of an inductive device hav- 
ing primary windins corresponding in number 
fo the phases of the alternating current source, 
circuit means connecting each winding across 
ifs respective phase of said source, a pair of 
electric discharge valves connected in back fo 
back relation and interposed in each winding in 
series circuit relation therewith for controlling 
fiow of current through the windings, a firing 
valve of the grid control type for each discharge 
valve for rendering ifs dischaïge valve conductive 
when the firing valve is conductive, each firin2  
valve including an anode, a cathode and a con- 
trol grid, circuit control means providin a first 
grid point having electrical connection to the 
grids of certain firing valves, a second grid point 
having electrical connection to the grids of the 
remaining firing valves, a common cathode point 
electrically cora]ected fo the cathodes of all the 
firing valves, and means applying control poten- 
tials between said cathode point and the grid 
points respectively, whereby fo control the con- 
ductivity of the firing valves and thus the dis- 
charge valves, each pair of electric discharge 
valves having e!ectrical connection fo its wind- 
ing substantially centrally of the winding so that 
the voltage conditions from the soin-ce to the 
cathode of each discharge valve will be substan- 
tially the saine. 
11. In an electrical system for resistance v«eld- 
in, the combination with a source of three-phase 
alternating current, of a welding transformer 
having a secondary load circuit and individuai 
primary windings corresponding in number fo 
the phases of the alternating current source, said 
windings being connected in delta relation and 
circuit means or each windin individua!iy con- 
nectin the winding across ifs respective phas 
of said source, a pair of electric dischare vatves 
connected in back to back relation and inter- 
posed in each windin in series circuit relation 
therewith for controlling the fiow of current 
through the winding, a firing valve for each dis- 
chare valve for rendering its discharge valve 
conductive when the ring valve is conductive, 
each firin valve having an anode, a cathode 
and a control grid, circuit control means provid- 
ing a first common grid point and a second coin- 
mon grid point, conductors joining the first coin- 
mon grid point with the grids of certain of the 
firin valves, other conductors joining the second 
common grid point with the grids of the remain- 
ing firing valves, a common cathode point elec- 
trically connected to the windings and fo said 
alternating cm'rent source by a star connection 
so that the cathode circuits from said point fo 
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the cathode of each firing valve are substantially 
identical, and means for applyin contro! poten- 
tials between the common cathode point ,.nd the 
grid points respectively for controlling the con- 
5 ductivity of the firing valves and thu the dis- 
charge valves. 
12. An electrical system for resistance weld- 
ing as defined by claire 11, additionally including 
inductive means in each cathode circuit in asso- 
0 ciated relation with similar inductive means in 
one of said conductors and in one of said other 
condutors for cancelling the effect of any volt- 
age in the cathode circuit such as would inter- 
fere with the control potentials. 
15 13. In a control circuit, the combination with 
a plurality of primary windings of a transformer, 
a pair of electric discharge valves in back to back 
relation and in series circuit relation wih each 
winding, a firing valve for each electric discharge 
20 valve for controlling the conductivity of the dis- 
charge valve, each firing valve havin an anode, 
a cathode and a control grid, grid circuits con- 
necting the grids of certain firin valves to a 
first grid point, other grid circuits connecting 
25 the grids of the remaining firing valves fo a 
second grid point, a common cathode point ele- 
trically connected fo the cathodes of all the 
firing valves, means for applying control poten- 
tials between the common cathode point and the 
30 grid points, respectively, and inductive means in 
each cathode circuit in associated relation with 
similar inductive means in one of said grid ch'- 
cuits and in one of said other grid circuits for 
cancelling the effect of any voltage in the cath- 
35 ode circuit such as would disturb the control 
potentials. 
14. A control circuit of the character as de- 
fined by claire 13, wherein the control potential 
applying means includes conductors connecting 
40 with the grid points respectively, and inductive 
means in each conductor havin inductive rela- 
tion with one of the primary windins for can- 
celling the effect of any direct current voltage 
developed across the windins as a result of cur- 
4 rent fiow in the windings and which would other- 
wise disturb the control potentials. 
JULIUS L. SOLOON. 
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